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The near-UV photochemistry of M(C0)4PPh3 and HM(SiEt3)(20)3(PPn3,

Fe, Ru) has

referred to as the cis-mer isomer.
organic glasses the M(CO)4PPh3 undergoes dissociative loss of 20 %o #rm

been investigated.

In low temperature (~100 K) rigiz

the sixteen-electron M(CO0)3PPh3, M(CO)3(PPh3)(2-MeTHF), M(Z0)3(2%n3,-
(1-CgHyg), or cis-mer and fac-HM(SiEt3)(C0)3(PPh3) complax when tne

organic glass is an alkane, 2-MeTHF, 1-CgHig, or Et3SiH, respectivel,.

The fac-HM(SiEt3)(CO)3(PPh3) complexes undergo thermal isomerization %

the cis-mer isomer upon warmup to 298 K.

Near-UY excitation of

The HM(SiEt3)(l0)3(PPh3) complexes navz
meridional structure with the -H cis to both PPh3 and the -SiZt3 anc ars

cis-mer-HM{SiSt3)(C0)3(PPh3) at ~100 K in an organic glass gives evi<ance
for both the loss of CO and reductive elimination of £t3SiH.

Shoti-

chemistry of the complexes at 298 < in fluid solutian accoras ~ell ~iz-

photoreactions observed at ~100 K in rigid media.

Trradiaticn

-~

>

cis-mer-HM(SiEt3)(CO)3(PPh3) in a hydrocarbon solution of Ph3Sid a% 222 -
results in the Formation of cis-mer-HM(CO)3(SiPh3)(PPh3) and
a 313 nm gquantum yield of ~0.6.

The process is photochemicall

£a8in wicn

J/ reverseq

if the cis-mer-HM(SiPh3)(C0)3(PPh3) is irradiated in the presences of

excess Zt3SiH.

Irradiation of cis-mer-HM(SiEt3)(C0)3(PPh3) in a

hydrocarbon solution at 298 K in the presence of 13C) yields doth
13c0-enriched M(CO)4PPh3 and 13C0-enriched cis-mer-HM(SiZts)(C
Irradiation of cis-mer-HM(SiR3)(CO)3(PPh3) (R = OMe, OE:) or
cis-mer-HRu(SiMeC12)(C0)3(PPh3) at 298 K in the presence of I:3Si4 sia'zs
cis-mer-HM(SiEt3)(CO)3(PPh3), establishing the light-induced reduczive
elimination of R3SiH to occur for a wide range of R groups for *hese

complexes.
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Abstract

The near-UV photochemistry of M(CO)4PPh3 and HM(SiEt3)(20)3(PPh3) (4 = Fe,
Ru) has been investigated. The HM(SiEt3)(C0,3(PPh3) complexes have a meridiona
structure with the -H cis to both PPh3 and the -SiEt3 and are referred to as tne

cis-mer isomer. In low temperature (~100 K) rigid organic glasses the M(CC)s”Ph»

undergoes dissociative loss of CO to form the sixteen-electron M(CO)3PPh3, M(Z3:3-
(PPh3)(2-MeTHF), M(CO)3(PPh3)(1-CsHig), or cis-mer and fac-HM(SiEt3)(CQ)3(PPh3)
complex when the organic glass is an alkane, 2-MeTHF, 1-CgHjg, or Et3SiH,
respectively. The fac-HM(SiEt3)(C0)3(PPh3) complexes undergo thermal
isomerization to the cis-mer isomer upon warmup to 298 K. Near-UV excitaticn 3f

cis-mer-HM(SiEt3)(C0)3(PPh3) at -100 K in an organic glass gives evidence far ¢t

the loss of CO and reductive elimination of Zt3SiH. Photochemistry of tne
complexes at 298 K in fluid solution accords well with photoreactions cbserve? :
-100 X in rigid media. Irradiation of cis-mer-HM(SiEt3)(CO)3(?Pn3) in a nydrc-
carbon solution of Ph3SiH at 298 K results in the formation of cis-mer-rM(C3):-
(SiPh3)(PPh3) and Et3SiH with a 313 nm quantum yield of ~0.6. The process is
photochemically reversed if the cis-mer-HM(SiPh3)(CO)3(PPh3} is irradiated in tue
presence of excess Et3SiH. Irradiation of cis-mer-HM(SiEt3)(C0)3(PPh3) in a
hydrocarbon solution at 298 K in the presence of 13CO yields both 13C0-enrichec
M(CO)4PPh3 and 13CO-enriched cis-mer-HM(SiEt3)(C0)3(PPh3). Irradiation of
cis-mer-HM(SiR3)(C0)3(PPh3) (R = OMe, OEt) or cis-mer-HRu(SiMeC1)(C0)3(?Ph3} it
298 X in the presence of Et3SiH yields cis-mer-HM(SiEt3)(C0)3(PPh3), estaniisning
the light-induced reductive elimination of R3SiH to occur for a wide range of R
groups for these comp1éxes.
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Photoexcitation of organometallic molecules can yield reactive fragments vi3
excited state chemistry involving dissociative processes including extrusicn of
two-electron donor ligands, metal-metal bond cleavage, and reductive eliminaticn
of small molecules such as Hp from a cis-dihydride.l Information concerning the
relative importance of such excited state processes is necessary to develop
catalytic applications of organometallic photochemistry. In this article we wisn
to report on the low temperature (~100 K) photochemistry of M(C0)4PPh3 and
Cis-mer-HM(SiEt3)(CO)3(PPh3) (M = Fe, Ru), la and 1b. The new finding is tha:
reductive elimination of a silicon-hydride can be a quantum efficient procass
that can occur competitively with loss of two-electron donor ligands even in lcw
temperature organic glasses. The reductive elimination of Hp from cis-dinyarize
is a well-known phctoreaction,2 but reductive elimination of a bulky molecuiz2
such as Et3SiH is somewhat surprising in view of the large cage effect expactaq
for a rigid organic glass. The photochemistry of the systems represented -er2 °:
of importance in understanding the photocatalyzed hydrosi1apion of alkenes %hat
can be effected by the irradiation of M(CO)4PPh3 in the presence of 3SiH/alxene

mixtures.3

!

()
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Experimental
Instruments. UV-VIS absorption spectra were recorded on a Cary 17 or

Hewlett-Packard 8451A diode array spectrophotometer. IR absorption spectri were

recorded with a Perkin-Elmer 180 grating or Nicolet 7199 Fourier transform
spectrometer. Low-temperature IR spectra were obtained by using a Precision

Cell, Inc. Model P/N 21,000 variable-temperature cell with NaCl outer windows, L

j using-liquid Ny as coolant. Care was taken to ensure that low-temperature IR
results were ynaffected by the source of the spectrometer. This was establisn=a
by showing that spectra of intermediates could be reproduced aftar prolcnged

3
i
i exposure to the interrogating beam of the spectrometer. NMR spectra were

recorded with a JECL FX90Q Fourier transform or Bruker 250 or 270 MHz Sourier

i transform spectrometer.

Irradiations. Photochemical reactions were carried out using a Bausch and Lcmo

SP200 200-W high pressure Hg lamp with a Pyrex® water filter or a Hanovia 550-4

medium pressure Hg lamp unless otherwise noted. Quantum yields at 313 nm were

g -

measured in a merry-go-round4 using ~10-3 M cis-mer-HM(SiR3)(CQ)3(PPh3) (M = 72

*

R =Ph; M =Ru, R=Et) with appropriate ligand concentrations. 3.0 mL samplas

O

fn 13 x 100 nm test tubes were freeze-pump-thaw degassed prior to irradiation.

The 1ight source was a 500-W Hanovia medium pressure Hg lamp equipped with a
chemical (KpC03/K2Cr04 solution) and glass (Corning #7-54) filter system to

isolate the 313 nm Hg emission. Ferrioxalate act'inometry5 was used to determine

L e b

1ight intensity, which was typically ~10-8 einstein/min. ;

Materjals. A1l manipulations of air-sensitive materials were carried out in a
N2-fil1led Vacuum Atmospheres He-63-P Dri-Lab glovebox with an attached He-493

Dri-Train or under Ar using conventional Schlenk techniques. Methylcyclohexane

. \
R IRt ..LL,‘ v - a "y .
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(99%, Aldrich), 3-methylpentane (99+%, Aldrich) and l-pentene (99+%, Philliz:,
were passed through gradé 1 alumina (neutral, Woelm) and degassed prior %3 isz.
2-Methyltetrahydrofuran (Aldrich) was freshly distilled from Na under Np.
Triphenylphosphine (Aldrich) was recrystallized three times from absolul<s ZI:l-

we -

prior to use. Fe(CO)5 and Ru3{(CD)12 were obtained from Strem Chemicals anc

used as received. Triethylsilane was obtained from Petrarch and used withcu:
further purification. Triphenylsilane (Aldrich) was recrystallized from hexane

before use. Et3SiD was prepared using procedures previously described.? -30C

(90% 13C) was obtained from Cambridge Isotope Laborataries.

Literature procedures’ were used to synthesize M(C0)4PPh3 (M = Fe, Ru,.
The Eig:gg:;HM(SiR3)(C0)3PPh3 (M = Fe, Ru; R = Et, Ph) complexes were preciara:z ¥
by the irradiation of an alkane or toluene solution of M(CO)4PPh3 containing
excess HSiR3 under Ar at 298 K. Removal of excess R3SiH and solvent left a
brownish-yellow 0il for M = Fe; R = Et and a greenish-yellow solid for M = Fe;
R = Ph. In the case of M = Ru, an orange solid was isolated for both R = Z*

and Ph which could then be purified by recrystallization from hexane. The

, . . . ]
compound cis-HFe(SiEt3)(C0)4 was reacted with PPh3 in hexane as reported by

4
Cardaci® to give. a second isomer of HFe(SiEt3)(C0)3(PPh3), a meridional isomer

i
where the -H is trans to the PPh3. UV-VIS, IR, and lH- and 13C-NMR spectro-

scopies were used to characterize these compounds and the results are listad in ‘
Tables I and II. The cis-mer-HM(SiR3)(CO)3(PPh3) (M = Fe, Ru; R = CMe, OEt) .d
and cis-mer-HRu(SiMeC12)(C0)3(PPh3) complexes were prepared by irradiating

M(CO)4PPh3 in the presence of the R3SiH or MeC1,SiH in alkane solvent followed

by removal of solvent and excess silane under vacuum. Samples were then taken

up in alkane-containing Et3SiH to study the light-induced conversion to
cis-mer-HM(SiEt3)(CO)3(PPh3).




Results and Discussion

Photochemistry of M(CO)aPPh3. Previous studies9.10 of M(C0)4(P-donor) 74 = 2,

Ru) have led to the conclusion that CO loss, not P-donor loss, dominates the
excited state chemistry of M(CO)4(P-donor). In the present work we have examined
the IR spectral changes accompanying near-UV irradiation of M(C0)4PPh3 in variaus
organic glasses at ~100 K to monitor the loss of CO and to determine the nature -¢
the photoproduct when the glass is, or contains, a two-electron donor or an
oxidative addition substrate, Figures 1-3 and Tables I and II.

A1l data are consistent with loss of CJ upon photoexcitation of M(Tl}4PPh-.
In alkane media the metal-containing product is a sixteen-electron species as

indicated in equation (1).10b Initi§11y, <15% conversion, the loss of one C3J
M(C0)4PPh3 —iye— M(CO)3PPh3 + CO (1)

(215%) per M(CQO)}4PPhy consumed is established by a quantitative comparison of tre
growth of the 2132 cm-l absorption assigned to the free CO and the decline of
absorptions due to M(C0)4PPh3.ll 1In no case do we observe loss of PPh3, since @2
spectral features for the M(C0)412 that would accompany PPh3 loss are not
observed.

The lack of a strong interaction of the M(CO)3PPh3 fragments with the alkane
glasses is deduced from the relatively low energy IR absorptions in the CO
stretching region compared to M(CO)4PPh3 or HM(CO)3(SiEt3)(PPh3), Table I. It is
also noteworthy that Ru(CO)3PPh3 shows significantly lower energy UV-VIS
absorption maxima than Ru(CO)4PPh3, consistent with the expected stadbilization of
the LUMO upon converting Ru(CO)4PPh3 to Ru(CO)3PPh3.10D The two band IR spectrum
for Ru(CO)3PPh3, Figure 1, signals a C3y geometry whereas Fe(CO)3PPh3, Figure 2,

appears to have a Cg symmetry, since a three-band spectrum is found in the CJ

stretching region. Similar differences in the geometry of other sixteen-2lectron




-7-

M(CO)3L fragments have been observed.l3 Warmup of M(CO)3PPh3 in the absznc2

added ligands yields regeneration of M(CO)4PPh3. However, warmup of 2 -1.0 <

consistent with the unsaturated nature of the M(CO)3PPh3.

In a 2-MeTHF or 1-CgHig glass irradiation of M(CO)4PPh3 yields M(73)3-
(PPh3)(2-MeTHF) or M(CO)3(PPh3)(1-CsH1g), respectively, as evidenced dy tne very
different IR spectral changes compared to those in the alkane glasses. ror 1 = JJ
Fe or Ru, the differences in the IR spectral changes accompanying irradiiticn
in an alkane compared to 1-CsHyp are shown in Figures 1 and 2. The simita-~izy -~
the pattern of absorption in the CO stretching region for the Fe and 2w Iamp’2:x2c
indicates similar structures. The 2-MeTHF is a sterically encumbered, z-<c-cr
only ligand that should form a substitution labile complex. The significanziy
lower energy IR absorptions for the photoproduct in 2-MeTHF compared to the
photoproduct in the alkene glass is consiétent with the fact that 2-Me7HF s -c:
a n-bonding ligand. The M(CO)4PPh3 complexes do show slightly lower energy [ -3
em-1) absorptions in 2-MeTHF than in the alkane solvent, but the -30 cm=- ‘cwer &
energy absorptions for M(C0O)3(PPh3)(2-MeTHF) in 2-MeTHF compared to M(l2):P°h3 *n
an alkane is too great a difference to attribute to a solvent effect on the
spectrum of the M(CO)3PPh3. Though the oxygen-donor 2-MeTHF is a weakly bound
1igand it is probably best viewed as such towa}d the M(CO)3PPh3 fragment, and tne

species in 2-MeTHF should not be regarded as 16 e~ complexes. The

v M(CO)3(PPh3)(L) (L = 2-MeTHF, 1-CsHig) complexes, and most especially the e
complexes, undergo very rapid secondary photoreaction to yield M(CO)2(PPh3)L; as

evidenced by the appearance of additional CO absorption (2132 cm-l) and new metal

carbonyl absorptions.

Irradiation of M(CO)4PPh3 in a low temperature (~100 K) Et3SiH matrix or an

alkane matrix containing Et3SiH results in reaction to form what appears t3 de !
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one stable and one unstable isomer of HM(CO)3(SiEt3)(PPh3), Figures 1-3. The
fact that one of the products is unstable is established by warming the sampiz
to 298 XK. For both the Fe and Ru systems the warming of the photoproduct
mixture to 298 K results in IR spectral changes revealing the formation of
more of the stable product at the expensé of the unstable product. The stable
product is the same product that results upon irradiating M(C0)4PPh3 at 298 < in
the presence of Et3SiH. Cooling the 298 K product to at least 100 K in the dark
does not regenerate the low temperature photoproduct. The IR spectral changes wra<
occur upon irradiation of M(CO)4PPh3 at ~100 K in Et3SiH are very differant from
those in an alkane matrix establishing that the M(CO)3PPh3 does react with
Et3SiH at low temperature. As shown in Figure 3, the use of a smail amount
Et3SiH (~10% by volume) in an alkane matrix allows detection of both Ru(Z3) °°
and two isomers of HRu(SiEt3)(CO)3(PPh3). Warmup results in loss of Ru(CQO)3PPh:
and growth of additional HRu(SiEt3)(CO)3(PPh3). Photolysis of Ru(CO)4PPh3 in an
alkane/Et3SiH (1/1) matrix yields only HRu(SiEt3)(CO)3(PPh3), Figure 1. A recent
report on the oxidative addition of Et3SiH to photogenerated Et3SiCo(CO)3 at Tow
temperaturel? and low temperature oxidative addition of Hpl3 to Fe(CO)y or <o
HCo(CO)3 provide precedent for the 100 K oxidative addition chemistry reported
here. Interestingly, we have found that lowering the temperature by -5 K in the
case of Fe(CO)4PPh3 shows that Fe(CO)3PPh3 can be formed in neat Et3SiH; warmup
ylelds HFe(SiEt3)(C0)3(PPh3). A study to detail the thermal parameters for
addition of Et3SiH to Fe(CO)3PPh3 is underway in this laboratory.

There are several possible structures for the HM(SiEt3)(CO)3(PPh3) complexes
as shown in 1-4. Structure 3 was recently assigned to the thermal product from

reaction of PPh3 with Eig;HFe(SiPh3)(C0)4.3 The IR bands in the CO region were

found® to be at 2065(s), 2000(s), 1975(sh) cm-l in hexane with a hydride signal in
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the lH-NMR showing a ZJP-H coupling of 47 Hz in Etp0. OQur data for the ghoto-
product from irradiation of Fe{CO)4PPh3 in the presence of Ph3SiH is very
different, Tables I and II, and at least shows that the structure of HF2{Si?h3;-
(C0)3(PPh3) formed photochemically is not that reported in reference 8. e have
found the IR bands at 2061 and 1999 cm-l in alkane when EiETHFe(SiPh3)(CS}; is
reacted thermally with PPh3 at -20°C in accord with data in reference 3. The IR
spectra and 2Jp_y coupling constants for HFe(SiPh3)(C0)3(PPh3; and HFe(Sigts)-
(C0)3(PPh3) formed photochemically at 298 K are quite similar, and the values of
23p_y for all HM(SiR3)(CO)3(PPh3) complexes at 298 K are most consistent with a
cis disposition of the PPh3 and the -H.16 The IR spectra in the CO region for
the HM(SiR3)(C0)3(PPh3) complexes at 298 K are very similar to those for
HRu(S1R3)(C0)3(PPh3) complexes characterized previouslyl7 as having structure 1.
We thus adopt structure 1 for HM(SiR3)(CO)3(PPh3) complexes formed via
irradiation of M(CO)4PPh3 in the presence of R3SiH at 298 K.

The other low temperature photoproduct HM(SiR3)(CO)3(PPh3) is assigned

structure 2. The IR data are inconsistent with structure 117 or 3,8 and we rule
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out 4, since the -H and -SiR3 would most likely be cis to each other upon LY RBTANT
addition in a rigid matrix. This leaves the facial isomer 2 as tnhe otner ‘<«
temperature photoproduct. The two-band IR pattern in the CO region at low %omcer-
ature is consistent with the fgglgl.arrangement. To summarize, Scheme [ illus-
trates the photochemistry of M(CO)4PPh3; all photoproducts arise from the loss 3¢
CO0, not PPh3. The quantum yield for loss of CO has been determined to exceed RO
at 298 k.9,10

Low Temperature Photochemistry of la and lb. The consequences of near-Uv irrac-

fation of 1 have been investigated over a wide temperature range and in a variezy
of media. The conclusion is that loss of CO and R3SiH are competitive orocesses
from the lowest excited state. The low temperature experiments supporting tn's

conclusion will now be detailed.

M(C0)4
h‘zﬂ!f-PPh3
M(C0)4PPh

w |-

M(C0)3PPh

3

3
lr1-C5H]0 l+2-MeTHF +Et3SiH

M(C0)3(PPh3)(1-C5H10) M(C0)3(PPh3)(2-MeTHF) fgngM(SiEt3)(C0)3(PPh3) -::>
a

+
cis-mgz-HM(SiEt3)(CO)3(PDh3)

Scheme 1. Photochemistry of M(CO)4PPh3 (M = Fe, Ru).
Spectral changes accompanying irradiation of 1 at 100 K provide direct
evidence that light-induced loss of CO and Et3SiH do occur, Figures 4 and 5. Two

key absorptions grow as the starting material is consumed. The feature at 2132

A3 |




=11~

em-! is characteristic of uncomplexed CO and the broader band at 2.04 fmm s
associated with the Si-H stretch of Et3SiH. The uncomplexed CO and tne It3l--

appear as photoproducts when the matrix is alkane, 1-CgHyg, or 2-MeTdHF. Z2ct I7

and Et3SiH are detected at the lowest extent conve.sions measuyrable and <ne:-

e

ratio is constant at the initial stages (<15% conversion) of the reacticn.

Interestingly, the Ru complex appears to undergo photoisomerization from siruclire
1 to 2 at 100 X in an alkane matrix, Figure 5. However, irradiation of
the Ru complex in the 1-CgHjg (or 2-MeTHF, not Shown) matrix suppresses tne

isomerization and there appears o be more free Et3SiH relative <0 TJ. The:2

results sugjest that the photoisomerizition proceeds via loss of £%35i4 frcm 15

— '

followed by back reaction to jive the same product derived from light-incuczz ©
Toss from Ru(CQO)4PPh3 at low temperature. The donor matrix moiecules, i-lz-::
or 2-MeTHF, presumably can saturate the Ru(CO0)3PPh3 prior to reaction w#itn <ne
Et3SiH to give the facial isomer of HRu(SiEt3){(C0)3(PPh3). The Fe compiex :ces

not show detectable isomerization in an alkane matrix, but irradiation in <re

e ———————

presence of E{3SiH at low temperature does yield the isomer of structure I,
Figure 4. There are clearly some subtle differences in the photochemistry >f pe}
and 1b, but establishing the reasons will be difficult. The species Ru(CJ):?%hz
and Fe(C0)3PPh3 have different structures and the orientation of the 16 e-
fragment relative to the extruded Et3SiH may be different as well. An important

quantitative conclusion can be made from the appearance of Et3SiH and CQ upon

WSO T e

photolysis of 1. When isomerization of 1 to 2 is unimportant, the appearanca >f
CO and Et3SiH accounts for all of the 1 consumed in the photoreaction, withina an
experimental error of +20%. This means that other possible primary photoreactions
are relatively unimportant. Thus, homolysis of M-H, M-SiEt3, and loss of PPn3 are

ruled out as important photoprocesses. Equation (2) appears to represent *he

photochemistry of 1 at -100 K.
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c¢is-mer-HM(SiEtq)(CO)3(PPh1) hy x EtqSiH + {1-x)CO + x M(CO)3P%h1
R LU 3 3 3V 100 3 rens

+

(1-x)HM(SiEt3)(CO)2(PPh3] 2.

Fe, x = 0.60 + 0.12
R 0.60 = 0.12

[~
-

>

]

The light-induced appearance of Et3SiH from 1 at low temperature is
accompanied by the appearance of the metal carbonyl product expected assuming
that the resulting M(C0)3PPh3 has the same structure as produced upon irradiaz®.n”
of M(CO)4PPh3. In an alkane M(CO)3PPh3 is produced; in 1-CsHig M(CQ)3(PPh3,-
(1-CgH1g) is produced; and in 2-MeTHF M(CO)3(PPh3)(2-MeTHF) is formed. The
formation of structure 2 upon irradiation in the presence of £t3Sid alsa accerss
well with the formation of M(CO)3P°h3 via loss of Et3SiH from photoexcited .

Identification of the metal-containing product from loss of Zt3SiH from 1
the various media is possible because all of the products can be made
independently by irradiation of M(CO)4PPh3. The loss of CO from 1 should viei~
HM(SiEt3)(C0)2(PPh3) in unreactive matrices or HM(SiEt3)(CO)2(PPh3)(L) in donor
(L) matrices. The IR spectral changes do show product absorptions that are no<
attributable to fac-HM(SiEt3)(CO)3(PPh3) or to the M(CO)3PPh3 or M(CO)3(2Ph3. -,
from the loss of Et3SiH. For example, in Figure 4 the features. that grow in at
1924 and 1895 cm-! for the irradiation of la in the Et3SiH/3-methylpentane jlass
could be attributed to HFe(SiEt3)(CO)2(PPh3). The same features might, in fact,
be present in the pure 3-methylpentane matrix, but strong features at 192! ana
1886 cm-1 due to Fe(CO)3PPh3, Figure 2, obscure the region. The 1921 em-i
feature does show a shoulder on the high energy side and the absorbance at 192.
cm-1 relative to the absorbance for the 2003 cm=l band of Fe(CO)3PPh3 is higher

than for Fe(CO)3PPh3 generated from Fe(CO)4PPh3. Thus, it is logical to assume

that the Fe-containing product from CO loss from la absorbs at ~1920 em-1l. The
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lack of higher energy absorptions for the CO loss product from la in Etali- vz.
an alkane matrix suggests that the Et3SiH does not oxidatively add to the
coordinatively unsaturated metal.

The IR spectral changes accompanying the irradiation of 1b at 100 < aiso
show product features in the CO stretching region that can be attributed 5 <he
Ru-containing products derived from CO loss. For example, in Figure 5, the
prominent band at 1947 em-l and that at -1985 cm-! in the alkane matrix are no-
due to Ru(CO)3PPh3, Figure L, and are logically associated with the HRu{SiZtj,-
(€C0)p(PPh3) species. In the 1-CsHig matrix the 1947 cm-l feature is apsent,
consistent with chemistry resulting from interaction with the sixteen-electrcrn
HRu(SiEt3)(C0)2(PPh3) and the donor matrix. However, the nature of the procuct
may not be merely a 1-CgHig complex, since there is the possibility of cnemisiry
associated with the interaction of the sixteen-electron hydride species wizh <rne
olefin., This issue requires further study. Irradiation of 1b in a Zt33iH4 nazr®
ylelds the fac-HRu(SiEt3)(C0)3(PPh3). There are features in the metal zardcny’
region of the IR that indicate that at least one other product is formeg,
consistent with CO loss from lb. However, the prominent band at 1347 cmme in sne
alkane matrix is not present indicating that the Et3SiH may oxidatively ica <o <ne
photogenerated HRu(SiEt3}(CO)2(PPh3).

Photochemistry of 1 at 298 K in Fluid Solution. The photochemistry of 1 in 298 <

solution accords well with findings from the irradiation of 1 in organic glasses
at ~100 XK. Irradiation of 1 has been carried out in the presence of various
species in solution to establish the importance of reductive elimination of R33iH
in fluid solution.

Figure 6 shows results relating to the photochemistry represented by

equations (3) and (4). As the IR and lH-NMR spectral changes show, the

\
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hv
cis-mer-HM(SiEt3)(C0)3(PPh3) + Ph3SiH —— cis-mer-HM(SiPh3)(20)3(?Pn7, ’
+ Et3SiH (3) h
g‘i_s-ﬂe_r-HM(SiR3)(C0)3(PPh3) + PPh3 LN M(CO)3(PPh3)p + R3SiH (4)

irradiation of 1 in the presence of Ph3SiH results in the exchange process 3ir/en

in equation (3). The photochemical exchange process can be effected essentiai’y

quantitatively either starting with 1 or with the -SiPh3 analogue in the presenc2

of excess Ph3SiH or Et3SiH, respectively. Typical photoreaction conditions we-~2
1-5 mM of the metal complexes irradiated with near-UV excitation in hyeracarzc
(alkane or CgDg) solution containing 10-50 mM of R3SiH. Tne lH-NMR in the nycrine |
region estanlished that total hydride concentration is conserved in the '
photoreaction, and IR spectral changes, especially those in the Si-H stretching
region, are also consistent with quantitative exchange processes. The irradiaz s~
of 1 or the -SiPh3 analogues under the same conditions except in the presence o
10-50 mM PPh3 instead éf R3SiH results in clean conversion to M(CJ)3(PPhiip. The
reactions represented by equations (3) and (4) occur with a 313 nm quantum sialz :* !
0.6 =+ 0.1 for both the Fe and Ru species. Thus, the chemistry is not only clean
but occurs with high quantum efficiency. Though the reactions have not deen
studied in detail, we note that cis-mer-HM(SiEt3)(C0)3(PPh3) is the photoproduc:
from near-UV irradiation of cis-mer-HM(SiR3)(CO)3(PPh3) (M = Fe, Ru; R = CMe, OJE:)
or cis-mer-HRu(SiMeC12)(C0)3(PPh3) in 298 K alkane solutions. These examples lena
credence to the conclusion that 1ight-induced reductive elimination of R35i4 coul:s
be important for a wide range of R.

The photochemistry represented by both equations (3) and (4) is consistent

with clean and quantum efficient reductive elimination of R3SiH from 1 and the

Ph3Si- analogues in fluid solution. These data do not reveal whether there is any
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role for loss of CO from 1 in fluid solution. However, several experimen<s nase
been done that do show that CO loss is a process that competes w#ith reduc<ie
elimination of R3SiH from photoexcited 1. Direct evidence for loss of L2 from |
comes from the initial product distribution from irradiation of 1b in the presencs
of 13C0 in toluene solution. Both 13CO-enriched Ru(CO)4PPh3 and 13CO-earicnes I3
are formed as products at ~10% conversion as evidenced by 13C-NMR. Irradiaticn »f
cis-mer-HFe(SiPh3)(C0O)3(PPh3) under the same conditions gives 13C0-enricneq
Fe(C0)4PPh3 and cis-mer-HFe(SiPh3){C0)3(PPh3), but the lowest extent conversicn
where the 13C-NMR could be recorded was -30%. The data indicate that 20 los3 3
Eompetitive with R3SiH loss, but the relative importance could not be measureq >v
13C.NMR due to low sﬁgnal-to-noise at low extent conversions. Howeyer, thre s
exchange results do accord well with the low temperature photolysis cf . wners 0
is detected directly by IR.

A puzzling finding in vigw of the 13co exchange results is that the >notai < ;
of 1 in the presence of PPh3 does not yield any detectable products other than
M(CO)3(PPh3)2. It is possible that the CO substitution product, HM(SiZt3}{Il!3-
(PPh3)2 is very labile with respect to thermal elimination of E£t3SiH, owing <o
steric crowding. Thus, primary loss of CO from 1 would be a route to M(CQ)3(20%n3 -

via the sequence represented by equations (5)-(8). Of course, M(C0)3(PPh3)>

hv,=-C0
cis-mer-HM(SiR3)(C0)3(PPh3) HM(SiR3)(CO)2(PPhy) ()
A,+C0
A
HM(SiR3)(CO)2(PPh3) + PPh3 ——= HM(SiR3)(C0)2(PPh3)> (6)

A
HM(SiR3)(C0)2(PPh3)p = M(C0)2(PPh3)2 + R3SiH

M(CO)2(PPh3)2 + CO » M(CO)3(PPh3)2
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formation occurs, at least in part, via prompt reductive elimination of Wi~ Fenm 1

1 to form M(CO)3PPh3 that can be scavenged by PPh3. It is possible tha® =4:21i2:,-

(C0)2(PPh3}2 does not occur because PPh3y is incapable of capturing HM(SiR3, 27, ;- }
(PPh3), equation (6), in competition with back reaction with the photoejecsed 3.
Irradiation of 1b in the presence of a 1e§s sterically demanding P-donor,
P(OCH2)3CEL, yields Ru(CO)3(PPh3)(P(OCH2)3CEL) and apparently substitution of 3 ZC.

A band is observed in the IR at ~1974 cm~l that we assign to HRU(SiEt3)(C0)o(PPha. -

(P(OCH2)3CEL). The lH-NMR in the hydride region shows new products when 13 is

irradiated in the presence of P(OCHp)3CEt, but the spectrum is complicatad
suggesting several isomers and secondary photoproducts are formed. 4hile the i
P(0CH2)3CEt photosubstitution products have not been fully characterized, the

irradiation at 1b in the presence of P(OCHp)3CEt does at least confirm a rola far

CO loss from photoexcited 1b. !
The light-induced incorporation of 13C0 into 1 and the CO photosubstituzior -
P(OCH2)3CEt raises the issue of whether loss of CO from 1 can play a role in the

R3SiH exchange chemistry represented by equation (3). The point is that 23 loss 1

from 1 in the presence of Ph3SiH could yield exchange via an oxidative f

. addition/reductive elimination mechanism as indicated in equations (9) and !.C) ) 1
‘ : |
L

HM(STEt3)(CO)2(PPh3) + Ph3SiH = HoM(SiEt3)(SiPh3)(CO)2(PPh3) (9) ;

HoM(S1Et3) (S1Ph3)(CO)2(PPh3) = HM(SiPh3)(CO)2(PPh3) + Et3SiH (13) 1

i

followed by uptake of CO released in the primary step to complete the exchange

chemistry, equation (11). We do find that irradiation of cis-mer-HM(SiPh3)-

HM(S1Ph3)(CO)2(PPh3) + CO » cis-mer-HM(SiPh3)(C0)3(PPh3) (11)
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] (CO)3(PPh3) in the presence of Et3SiD does not give a quantitative yield of

Ph3SiH and the Eii-gg:;DM(Siét3)(C0)3(PPh3) that would be expected fi3r excrange

via a simple loss of Ph3SiH followed by oxidative addition of Et3SiD. Ratner,

the 2H- and lH-NMR data show formation of both Ph3SiD and Ph3SiH along wi<n some
Et3SiH. The total amount of Ph3SiH and Et3SiH equals (:15%) the initial amcun<
of cis-mer-HM(SiPh3)(CO)3(PPh3). The M-containing products include both
cis-mer-DM(SiEt3)(C0)3(PPh3) and cis-mer-HM(SiEt3)(C0)3(PPh3) as determineg oy
2H- and lH-NMR, respectively. No cis-mer-DM(SiPh3)(CO)3(PPh3) could be detectan
in the 2H-NMR, presumably because there is an excess of Et3SiD. In any event,
the distribution of photoproducts in the presence of Et3SiD demands a comgonent
of a mechanism other thap one beginning with the light-induced loss of 2h3Sia.
The process representad by aquations (9) and {10) could lead to the J/M
scrambling, but other mechanisms for the scrambling are not easily ruled ou< ~i:r
the available data. For example, concerted four-center exchange procasses,
binucliear, and free radical processes could also account for the observed

results. However, we do not observe the irreproducibility in quantum yielzs 3¢« -

»
found for radical reactions and we have not detected products that could arise :
from binuclear reactions such as M-M bonded complexes. While it is difficuls =2 1
rule out the four-center mechanisms, we favor the process represented by 4

equations (9) and (10) because CO loss from 1 is a primary photoprocess. The
conservation of protons in the hydride region of the 1H-NMR during the |
light-induced R3SiH exchange reactions rules out other reductive elimination

processes (such as Hz or disilane formation) from a species such as the dihydrice

in equations (9) and (10). , !

Reactivity of the Intermediate from Reductive Elimination of Et3SiH from 1 Compared

to Intermediate Formed from CO Loss from M(CO)4PPh3. Light-induced loss of TJ from

M(C0)4PPh3 occurs to yield the sixteen-electron species M(CO)}3PPh3 that can Se

ol
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scavenged by a two-electron donor such as P(OCH2)3CEt or by an oxidative ad<i<i~
substrate such as R3SiH. Likewise, reductive elimination of £t3Sid from 1 127123,
| presumably, the same M(CO)3PPh3. As a test of whether the M(CO)3PPh3 from }

light-induced CO loss from M(CO)4PPh3 has the same reactivity as from lignt-inaucz<

reductive elimination of R3SiH from 1, we have irradiated samples of 1b or
Ru(CO)4PPh3 in hydrocarbon solutions of P(OCH2)3CEt and Ph3SiH and examined tne
initial ratio of Ru(CO)3(PPh3)(P(OCH2)3CEt) and cis-mer-HRu(SiPh3)(C0)3(PPh3) as 2

function of the ratio of P(OCH2)3CEt and Ph3SiH. The results are consistent «itn

the conclusion that the reactivity is the same for the Ru(C0)3PPhs5 generated ron J

irradiation of Ru(C0)4PPh3 or 12 because the product ratio, Tapie [II, is tre same.

The irradiation of 1b in the presence of P(0CH2)3CEt does yield CO substituzion,

but this does not apparently affect the ratio of Cis-mer-HRu(SiPh3}(C3)2(?Ph3, =2
Ru(C0)3(PPh3) (P(OCH2)3CEL). When the reactivity of Ru(CO)3PPh3 is investigatad - i
frradiation of Ru(CO)4PPh3 or 1b in the presence of Ph3SiH and PPh3, the ratio ~7
cis-mer-HRu(SiPh3)(C0)3(PPh3) to Ru(CO)3(PPh3)z is different from Ru(CO)4PPh3 an-
1b at a given ratio of Ph3SiH to PPh3j. The photoproduct distribution from 15 is
consistently richer in Ru(CO)3(PPh3)2, consistent with CO loss from lb providing an !

alternative route, possibly via equations (5)-(8), to the Ru(C0)3(PPh3)2. ) 2

Conclusions ;
T2 petailed studies of cis-mer-HM(S1Et;3(CO);(PPR;) (M = Ru Fe) show that
near-UV irradiation can result in reductive elimination of Et3S1H as a pr1marv
photoprocess. Additionally, qualitative 298 K experiments show that Ph3SiH,
(MeO)ggiH, (EtO)gsiH, and Mec1;§iH can be reductively eliminated from the
appropriateﬁglg:ggi me@al complex, establishing elimination of R;giH as a viable

process for a wide range of R.¢"From 298 K studies of cis-mer-HRu(SiEt3)(C0)3-

(PPh3), it appears that 1ight-induced reductive elimination of R3SiH yields the
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same coordinatively unsaturated Ru(CQ)3PPh3 species formed by light-induc2s 77 1ss:
from Ru(CO)4PPh3.

Loss of CO from cis-mer-HM(SiEt3)(CO)3(PPh3) is also a primary photoreactizn.
Both Et3SiH and CO can be detected upon near-UV irradiation of cis-mer-HM(3iZt2|-
(C0)3(PPh3) in rigid alkane matrices at ~100 K. At 298 K, both the CO and the
Et3SiH have apparent consequence in light-induced exchange processes- such as
cis-mer-HM(SiEt3)(CO)3(PPh3) + Ph3SiH » cis-mer-HM(SiPh3)(CO)3(PPh3) + Et3Sid. The
CO loss can also lead to dicarbenyl photoproducts in the presence of small P-concr
ligands, but such photosubstitution products have not been isolated. The
intriguing possibility is that irradiation of cis-mer-HM(SiR3)(C0)3(PPh3) 1n tne
presence of an alkene might yield HM(SiR3)(CO)2(alkene)(PPh3), possibly a orecurzo-
to the catalytic products observed when M(C0)4PPh3 is irradiated in the presencs :°
an excess of a 1/1 mole ratio of R3SiH/alkene.3 At least, loss of CO as a primary
result from photoexcitation of gig:ﬂg:;HM(SiEt3)(C0)3kPPh3) provides a rationai»
for the observed photocatalysis of R3SiH/alkene mixtures.

Observation of light-induced reductive elimination of R3SiH from a mezal

complex raises the question of the nature of the excited state responsidle for sucn

chemistry. Given the similarity in the chemistry of H-H and R3Si-H with respect :a.

oxidative addition, it is reasonable to expect that excited states of MH(SiRj3}
species will be similar to those for MHy species.?2 One difference of note,
however, is that the nature of -SiR3 can be "tuned" by varying R. Work is underway
to establish whether light-induced reductive elimination of R3SiH is as general as
Hp elimination.

Acknowledgements. We thank the National Science Foundation and the QOffice of Naval

Research for partial support of this research. DOKL acknowledges support as a




=20~

References
1. Geoffroy, G.L.; Wrighton, M.S. "Organometallic Photochemistry”, Academic
Press: New York, 1979. ]
2. Geoffroy, G.L. Prog. Inorg. Chem., 1980, 27, 123.

3. Sanner, R.D.; Austin, R.G.; Wrighton, M.S.; Honnick, W.D.; Pittman,Jr., C.i. ]

Inorg. Chem., 1979, 18, 928.

4. Moses, F.G.; Liu, R.S.H.; Monroe, B.M. Mol. Photochem., 1969, 1, 245,

5. Hatchard, C.G.; Parker, C.A. Proc. Roy. Soc. London, Ser. A, 1985, 235,

518.

6. Seyferth, 0.; Damrauer, R.; Mui, J.Y.P.; Theodore, F.J. J. Am. Zhem. Soc.,

1968, 90, 2344.

7. (a) Condor, H.L.; Darensbourg, M.Y. J. Organomet. Chem., 1974, 33, 93 ano

references therein; (b) Johnson, B.F.G.; Lewis, J.; Twigg, M.V.

J. Organomet. Chem., 1974, QZ, C75 and J. Chem; Soc., Dalton Trans., 1975,

1876; (c) Albers, M.D.; Coville, N.J. J. Organomet. Chem., 1981, 217, 28%.

8. Bellachionna, G.; Cardaci, G. Inorg. Chem., 1982, 21, 3233.

9. (a) Graff, J.L.; Sanner, R.D.; Wrighton, M.S. Organometallics, 1282, 1,
837 and J. Am. Chem. Soc., 1979, 101, 273. 1
10. (a) Liu, D.K.; Wrighton, M.S. J. Am. Chem. Soc., 1982, 104, 898; (b) Liu, 4
D.K.; Wrighton, M.S.; McKay, D.R.; Macfel, G.R. Inorg. Chem., 1984, 23, I%

212.
11. The molar absorptivity of CO in organic glasses is ~350 & 20% M~lem-1,

These data will be reported elsewhere.

12. (a) Poliakoff, M. J. Chem. Soc., Dalton Trans., 1974, 210; (b) Poliakoff,

M.; Turner, J.J. J. Chem. Soc., Faraday Trans., 1974, 70, 93.

13. Boxhoorn, G.; Cerfontain, M.B.; Stufkens, 0.J.; Oskam, A. J. Chem. Soc.,

Dalton Trans., 1980, 1336.




14.
15.
16.

17.

=21~

Anderson, F.R.; Wrighton, M.S. J. Am. Chem. Soc., 1984, 106, 00COC.

Sweany, R.L. J. Am. Chem. Soc., 1981, 103, 2410 and 1982, 104, 3723.

(a) Muetterties, E.L., ed., "Transition Metal Hydrides", Marcel DJekker: ‘ie

York, 1971, p. 119; (b) Jenkins, J.M.; Shaw, B.L. J. Chem. Soc. A, 19685,

1407.
Pomeroy, R.XK.; Hu, X. Can. J. Chem., 1982, 60, 1279.




W

, (£1~)o861 o
“(us)y661°(0°1)1502 (862) auejuadiAyzau-¢ (Eudd)€(02)[E(330)1S]94H-29u-5¢2
(02~ )2861 —
‘(us)¥661°(0°1)2502 (862) duejuadiAyau-¢ (Eudd)E(02)[E(3W0)1S]4H-43u-5}D
(0°€2)zL61 —_—
0v2°082 ‘(us)s861°(0°1)0b02 (862) 4HLIN-Z (Eudd)€(02)(Eudis)asn-sau-s42
{v°2)6661°(0°1)1992 (862) auequadAyzaw-¢  (Eudd)€(02)(E131S)3H-4au-sues]
r (0°T)TL6T°(¥°1)5E02 (001) HisEd3 (€udd)€(02)(E3315)3H-00)
(0°91)1961 —_—
092°612 “(£°9)0861°(0°1)2£02 (862) duejuad|Ay3au-g¢ (€udd)€(02)(€1315)a4H-23u-5 2

(£72)9161
*(0°1)1561'(6°2)€102 (oot) OTWSo-1 (OTHS2-1)(Eudd)E(0D)a4
6061 (862) JHL3N-2 (332€(2H20)d) (Eudd)€(0D)24
G681 (862) auejuad|Ayjaw-¢ ¢(Eydd)t(02)24
(L°1)9181°(0°1)€061 (001) 3HLOW-2 2(4n13K-2)(Eudd)2(0d)24

(9°1)6581
“(0°1)8881°(1°T)LL61 (001) 4H13NW-2 (dM19K-2) (Eydd)E(02)24

($°1)v881
‘(0°1)8161°(£°1)H002 (001 )auejuad |Ay3auw-¢ €yqddt(0d)o4

(2°€)8e6l

“(0°1)9961°(9°1)9t02 (001) JHL3N-2

(€°€)9v61
2092992 (2 ‘(0°1)6L61°(8°1)2502 (001) auejuad|Ayjow-¢ €ydd¥(02)a4
(3 juu XU (a0 _“184) (w2 Uda (N ‘1) wnyipay punodwo)

. SIA-AN ul

*spunoduwio) JueAd |3y J40j eIPg 24doos0a3I3dg SIA-AN PuUe ¥ I d|qe)




e e . _ L [ T v il

"X BOS SPM SJudVIdUANSEIN 3SAYY 404 Aunjeaadwd)p

beet (862) auexano A3t Kpnow (339E(21120)d) (Fudd)Z(02) (€315 )Nyl

(L°6)8002 -
‘(€°)5202° (0" 1)0602 (862) duexayo 231 yraw  (Eudd)€(07)[€(330) 1S ]MIH-A8W-S}D
(9°6)9002 -
‘(L°v)2eo2*(0°1)9802 (862) duexayo (A3 (Ayraw  (Euddj€(07)[E(3W0) 1S ]NYH-1oW-5 1D
. (0°11)1202 ——
(5°5)eb02°(0°1)8602 (862) auexay-u (Eudd)€(02) (C109W1IS ) NYH-A8w-5 |
(0°6)002 . —
‘(9°€)2202°(0°1)1.402 (862) duexayo(d43(Ay3au (E4dd)€(02) (Eudis)nyH-a3w-s 42
(1°1)€002° (0°1)5902 (001) HisE13 (Eudd)€(09)(E131s)nyH-2ey
. ($°L1)2661 —
(us)B22°(us)oLz  “(0°6)6002°(0°1)990Z  (862) 2uexayo|24d|Ay3au (€4dd)€(02)(€1315)nyH-43u-5§2
] (0°1)5£61
(€°1)L961°(5°1)5£02 (001) OTHS)-1 (OTHSD-1)(Eudd)E(0D)ny
2661,  (862). duexayo 2421 Ay3au (3328(%120)d) (Eudd)€(0D) ny
8061 (862) duexayo |2k Ayjauw 2(Eudd)€(00)ny
‘ (§°1)1L81
(1°1)2061°(0°1)6661 (001) dH1ON-Z (H19K-2) (Eudd)E(0D) Ny
FAIRTA (€°1)8061°(0°1)202 (001) auexayo|24niAyyaw €yqd4t(09)ny
(2-c)8v6l
‘(0°1)8L61°(8°1)5502 (001) 4H13W-2
(8°€)1561
e(00v6)652°(us)892  “(0°1)¥861°(2°2)0902 (00T) auexayo (243 Ayjaw €uad¥(07)ny
(3 Juwy_*¥Fl (gg_°134) y-w> 00a (¥ ‘1) wnjpay punodwo)
STA-AN ¥l

*spunoduo) JuUPA3|ay 40§ PIeg 24d0IS04303dS SIA-AR PuUR Y] °] 9(qe]




-24-

Table II. NMR Data for Relevant Compounds.?

Compound 14, 5 ppmd L, 2 gemd
Fe(C0)4PPhsC PPh3, 7.38(m) €0, 221.0 (2,5~ = 13 =z
PPh3, 134

cis-mer-HFe(SiEt3)(C0)3(PPh3)

t—

is-mer-HFe(SiPh3)(C0)3(PPh3)

Ru(CO)4PPh3

cis-mer-HRu(SiEt3)(C0)3(PPh3)

cis-mer-HRu(SiPh3)(CO)3(PPh3)

PPh3, 7.35(m,15)
Si-Et3, 2.50(m,15)
Fe-H, -9.13(d,1)
(20p_y = 25 Hz]

$idPh3, 7.67(m,15)
PPh3, 7.32(m,15)
Fe-H, -8.44(d,1)
[2dp_y = 25 Hz]

PPh3, 7.24(m)

PPh3, 7.23(m,15)
SICHaCH3, 1.29(t,9)
SiCHaCH3, 1.19(q,6)
Ru-H, -6.89(d,1)
[2Jp_y = 16 Hz]

SiPh3, 7.64(m,15)
PPh3, 7.26(m,15)
Ru-H, -6.24(d,1)
(2p_y = 16 Hz]

€O, 219.9; 219.3; 2.7.2
PPh3, 132.6

SiCHpCH3, 2.5

SiCHaCH3, -0.4

€0, 211.0 [20p.¢ = 5 Az
PPh3, 134.5

€0, 207.7; 207.6; 205.7
PPh3, 133.8

SiCHCH3, 2.8

SiCHpCH3, -0.4

-
-

3A11 data are for benzene-g§ solutions at 298 K unless otherwise noted.

bChemical shifts vs. Si(CH3)4; peak multiplicity (d = doublet, t = triplet,
£ quartet, m = multiplet) and integration is given in parentheses for

H-WRQ

CMeasured as cyclohexane--.g}2 solution at 298 K.




N,

"3x33 39 *(332E(HD0)d)(Eudd)2(00)(E331S) NN 03 paIngiaIIe (WD p/61 I pueq B S| UIYLq

*201% 940 U3dALD sopjea 3Inpoayg  *auexayo |24 |Ayjawm u}
J0uop-4/HISEUd SS3IX3 pue xa|dwod |Auoqaed (ejaw WU G-T~ Bujsn ) g6z 30 INO PALAILD IUIM SUOJIR|PRUL],

81 0z 001 —_—
L0 0z 02 (€udd)€(02) (€335 ) nYH-J3u-5}3
9°2 0z 001
6°0 02 02 €yddv(02)ny
2(Eudd)€(02)n4/ (Eudd)€(02)(Eudis )nun we ‘{€4dd] W ‘[nisCud)
€2 02 001 —
€1 0z 02 (Eudd)€(02)(€331S ) NYH-43w-5}3
52 02 001
p°1 02 02 €yddv(0o)ny
q{339t{¢HI0)d)(Eudd)t(02)m4/(Eudd)t(00) (Fudis)mun We “[330E(ZH20)d] W *[Histud] jue3dedy

0}y 39Npoud
e Eudd/Histug pue

1395(2HD0)d/KISEUd JO SOjIRY JUIILSLQ UIIM GT 40 Euddb(0D)NY JO UOPIIRAY Y JO UOINGLIIS}Q IINPOAd T dLqel




Figure Captions

Figure 1. IR di fference spectra accompanying near-UV photolysis of Ru(Z3, 3?°:
at 100 X in methylcyclohexane to yield Ru(CO)3PPh3 (top), in 1-CgHyg to yieid
Ru(CO)3(PPh3)(1-CsHyg) (middle), and in methylcyclohexane/Et3SiH (1/1) to yiein

cis-mer and fac-HRu(SiEt3)(C0)3(PPh3).

Figure 2. Top:.Irradiation of Fe(CO)4PPh3 in 3-methylpentane at 100 K. The
negative peaks at 2052, 1978 and 1944 cm-! are Fe(CO)4PPh3. The positive peaks

at 2004, 1918, and 1884 cm-1l are Fe{CO)3PPh3, and the peak at 2133 em-l is due <o
free CO. Bottom: Irradiation of Fe(CO)4PPh3 in l-pentene at 100 K. The nezz<i/e
peaks at 2050, 1974, and 1941 are Fe(C0)4PPh3. The positive peak at 2133 cm=love
due to free CO, the positive peaks at 2013, 1951 ana 1916 em-1l are
Fe(C0)3(1-CsH1g)(PPh3). The peaks at 1988 and 1888 cm-l are secondary phots-

products.

Figure 3. Left top: IR difference spectral changes accompanying UV irradiaticn
of Fe(CO)4(PPh3) in a HSiEt3 matrix at 100 K. The negative peaks at 205l anc 13<s
cm-! are associated with the disappearance of Fe(C0)4PPh3. The positive peaxs 1<
2035 and 1971 cm-l are attributed to fac-HFe(SiEt3)(CO)3(PPh3) and those at 1979
and 1959 cm-l are attributed to cis-mer-HFe(SiEt3)(CO)3(PPh3), la. Left bottom:
Warm-up to 298 K yields only the cis-mer-HFe(SiEt3){(C0)3(PPh3) isomer at 198C and
1961 cm-l. Right top: FTIR spectral changes accompanying UV irradiation of
Ru(C0)4PPh3 in a HSiEt3/methylcyclohexane matrix at 100 K. The negative peaks at
2060, 1985 and 1952 cm-! are associated with the disappearance of Ru(C0)4PPh3.
The positive peak at 2132 cm-! is attributed to free CO. Other positive peaks
fnclude 2065 and 2003 cm-l attributed to fac-HRu(SiEt3)(CO)3(PPh3), 2008 and 1992
cm-l attributed to cis-mer-HRu(SiEt3)(CO)3(PPh3), 1b, and 2027 and 1906 cm-l
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assigned to Ru(C0)3PPh3. Right bottom: Warm-up to 298 K yields only ¢ne

cis-mer-HRu(SiEt3)(CO)3(PPh3) isomer at 2067, 2009 and 1392 cm-i.

Figure 4. Top: IR difference spectral changes accompanying UV irradiaticn ¢

cis-mer-HFe(SiEt3)(C0)3(PPh3) in a 3-methylpentane matrix at 100 K. The nega:i /e

(92 ]
—.
p
[

peaks at 2032, 1979 and 1960 cm-l are associated with loss of cis-mer-Fel

(CO)3(PPh3). The positive peaks at 2133 and 2107 cm~l are due to free CJ and
HSiEt3, respectively, while those at 2003, 1921 and 1886 cm-l are attributed o
the 16 valence e~ Fe(CO)3PPh3. The inset shows the expansion of the free

CJ and HSiEt3 region. Bottom: IR difference spectral changes aczompanying .Y
irradiation of cis-mer-HFe(SiEt3)(CO)3(PPh3) in a 1:1 mixture of HSiZt3 ana
3-methylpentane at 100 K. The negative peaks are associated with the
disappearance of cis-mer-HFe(SiEt3)(C0)3(PPh3) and the positive peaks at 2035 in-
1969 cm-1 are attributed to fac-HFe(SiEt3)(C0)3(PPh3). The peaks appearing i<
1924 and 1895 cm-! may be due to HFe(SiEt3)(C0)2(PPh3), cf. text.

Figure 5. Top: IR difference spectral changes accompanying UV irradiation 3f
cis-mer-HRu(SiEt3)(CO)3(PPh3) in a methylcyclohexane matrix at 100 <. The
_negative peaks at 2069, 2009 and 1990 are associated with the disappearancs of
cis-mer-HRu(SiEt3)(C0)3(PPh3). The positive peaks at 2132 and 2104 cm-l are que
to free CO and HSiEt3, respectively. Other positive peaks include 2066 and 20C:
cm-1 attributed to fac-HRu(SiEt3)(C0)3(PPh3) and 2028 and 1911 cm-l attributed
mainly to the 16 valence e~ Ru(CO)3PPh3 of C3y symmetry. The peaks at 1985 and
1947 cm=! may be due to HRu(SiEt3)(CO)p(PPh3), cf. text. Inset shows the
expansion of the free CO and HSiEt3 region. Bottom: IR difference spectral
changes accompanying UV irradiation of cis-mer-HRu(SiEt3)(C0)3(PPh3) in a 1-CsHyg
matrix. The negative peaks are associated with loss of mer-HRu(SiEt3)(C0)3-

(PPh3). The positive peaks at 2132 and 2101 cm-! are due to free CO and HSiZts,
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respectively. Other positive peaks include 29066 cm-l attributed to fac-APyrTiTny -

(C0)3(PPh3), and 2034, 1966 and 1937 cm-l attributed to Ru(CO0)3(PPh3,!i-T5%::

PARPE R

(9
{81
3
~

The peak at 1954 cm-l may be due to HRu(SiEt3)(CO)2(1-CsH1g)(PPh3) or *o secsnsa
photolysis products, cf. text. Inset shows the expansion of the free (O and =iiiz:
region.

Figure 6. Left tob: IR difference spectral changes upon irradiation of cis-mer-
HFe(SiEt3)(CO)3(PPh3) in the presence of excess PPh3 in 3-methylpentane solution

at 298 K. The negative peaks are associated with the loss of cis-mer-dFe(SiZ<:,
(CO)3(PPh3). The positive peak at 2103 cm=l s attributed to HSiEt3 and =hat 2-
1895 ecm-t is due to Fe(C0)3(PPh3)p. The peaks at 1844 and 1814 cm-i are aue 3
secondary photoproducts. Left bottom: IR difference spectral changes upon
irradiation of cis-mer-HFe(SiPh3)(CO)3(PPh3) in the presence of excass HSiZt3 °
2-MeTHF solution at 298 K. The negative peak at 2102 em-1 is due to disappear:-
of HSiEt3 and those at 1987 and 1971 cm‘; are due to disappearance of cis-mer-
HFe(SiPh3)(C0O)3(PPh3). The positive peak at 2130 cm-l is attributed to HSidha = .
those at 2029 and 1957 cm-l are attributed to mer-HFe(SiEt3)(C0)3(PPh3). The
inset shows the lH-NMR spectrum of cis-mer-HFe(SiPh3)(C0)3(PPh3) in HSiZt3 T5l5 1t
298 K before and after 10 min irradiation, showing only the upfield metal-nyarize
region. The doublet at -8.39 and -8.49 ppm is the Fe-H resonance of cis-mer-
HFe(SiPh3)(C0)3(PPh3) and the new doublet at -9.08 and -9.18 ppm is attributed <o
the Fe-H resonance of cis-mer-HFe(SiEt3)(CO)3(PPh3). Right top: IR differencs
spectral changes upon irradiation of cis-mer-HRu(SiEt3)(C0)3(PPh3) in the presence
of excess PPh3 in methylcyclohexane solution at 298 K. The negative peaks are
associated with the loss of cis-mer-HRu(SiEt3)(CO)3(PPh3). The positive peak at
2101 cm-1 is attributed to HSiEt3 and that at 1908 cm-l is due to Ru(C0)3(PPh3)s.
The peaks at 1872, 1830 and 1819 em-1 are due to secondary photoproducts. Right

bottom: IR difference spectral changes upon irradiation of cis-mer-HRu(SiZtj)-
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(CO)3(PPh3) in the presence of excess HSiPh3y in methylcyclohexane soluticn 3 232
K. The negative peak at 2130 cm-l is due to disappearance of HSiPh3 and <ncse as
2067 and 1991 cm-l are due to disappearance of cis-mer-HRu(SiEt3)(C0)3(PPhy,. Tre
positive peak at 2101 em-1 is attributed to HSiEt3 and those at 2074, 2022 an«
2005 cm-1 are attributed to cis-mer-HRu(SiPh3)(CO)3(PPh3). The inset shows %ne
1H-NMR spectrum of cis-mer-HRu(SiEt3)(CO)3(PPh3) in HSiPh3/CeDg at 298 X before
and after 10 min irradiation, showing only the upfield metal-hydride region. Tne
doublet at -6.85 and -6.92 ppm is the Ru-H resonance of cis-mer-ARu(SiEt3)-
(C0)3(PPh3), and the new doublet at -6.21 and -6.27 ppm is attrituted t3 %ne Zu--

resonance of cis-mer-HRu(SiPh3)(C0)3(PPh3).
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